PAZDERŮ KATEŘINA, KOUDELA MARTIN: Infl uence of hydrogel on germination of lettuce and onion seed at diff erent moisture levels. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 2013, LXI, No. 6, pp. 1817-1822 The infl uence of Agrisorb (water solution 1, 3, 5 g/l) on lettuce and onion seed germination was tested in diff erent moisture conditions (30 ml and 15 ml of water in germination box). Variants with reduced water level germinated much more slowly (MGT parameter) than standard variants, though diff erences in total germination at the end of the test were insignifi cant. Treated variants of lettuce seeds showed a statistically signifi cant increase in germination energy (GE) on the fi rst day (GE1, both water levels), but a signifi cant decrease on the second day (columns GE2, 15 ml). Higher doses of Agrisorb slowed lettuce seed germination (GE2, 30 ml, dose 5 g) signifi cantly, similarly see GE2 (15 ml, doses 1, 3, 5 g). This slowdown was apparent for GE3 (both water amount) as well. A similar but insignifi cant eff ect was evident for onions. There was an infl uence of cultivar and seed vigour on sensitivity to water stress. The hydrogel application infl uenced germination of lettuce and onion seeds. Treated lettuce seeds germinated faster than non-treated control in the beginning of germination process. This eff ect was not recorded in case of slowly germinated onion seed lots. Although infl uence of Agrisorb was positive in the beginning, higher doses of hydrogel reduced germination energy of treated seed lots (for example GE2, GE4) of both crops in comparison with non-treated control. Higher doses of hydrogel caused longer MGT of lettuce and onion as well.
Water defi cit ranks among the most important abiotic factors limiting growth and productivity of plants (ŠEBÁNEK et al., 1998) ; vegetables are a crop group with a high water requirement (MALÝ et al., 1998) .) The period a er sowing can be characterized as one where a lot of water is necessary (KRUG et al., 2002) .
Hydrophilic polymers are used in horticulture and agriculture praxis as water absorbents for better water support of plants with partial water defi ciency (REHMAN et al., 2011; ANDRY et al., 2009) . Other authors recommend hydrophilic polymers for replanting to decrease water stress (WROBLEWSKA et al., 2012; RUTHROF et al., 2010) . KUMARAN et al. (2010) describes hydrophilic polymers as agents with the ability to absorb 100-300 times their weight in water. KAZANSKII and DUBROVSKII (1992) mention the ability of hydrophilic polymers to improve soil water retention. ABD EL-REHIM et al. (2006) specify the benefi ts of a superabsorbent in the soil for the improvement of physical properties, better aeration, improved seed germination and root system creation in heavier soil, and for increasing water retention in lighter soils. LOŠÁK et al. (2010) studied changes in the contents of N, P, K, Ca and Mg in the aboveground biomass of the respective clover-grass mixtures a er Agrisorb application into soil, newertheless there were not found signifi cant diff erences. BOROWSKI and MICHALEK (1998) , EL-HADY et al. (1990) , EL-SAYED et al. (1991) , and KOUDELA et al. (2011) also noted a stimulating eff ect of hydrophilic superabsorbent on plant growth and yield under impaired soil conditions. Hydrophilic polymers are potassium salts of metacrylate prepared by copolymerizing polyethylene oxide methacrylate bismacromonomers with small ionogenic monomers such as 2-acrylamido-2methyl-1-propansulfonic acid (DUBROVSKII et al., 2001) .
The use of hydrophilic matters could limit the negative impact of water defi cit in vegetable production; this is due to more negative water potential and the ability absorb a huge amount of water, which consequently reduces the impact of environmental stress on plant physiology. A similar eff ect in regulating water potential is used for pre-sowing hydration treatment (priming, osmoconditioning), as reported by OLSZEWSKI et al. (2012) . ALEXEYCHUK et al. (1999) report that seed hydration-dehydration-rehydration procedures and seed osmoconditioning in PEG solutions or polyacrylamide hydrogel stimulate proteolytic activity in seeds during germination. The authors explain that this phenomenon is most likely caused by the relationship of the stress conditions and seed swelling. HARRIS (1996) indicate a signifi cant contribution of PEG seed priming to the germination rate increase and consequently to the growth of Sorghum bicolor (L.) Moench under semiarid conditions; they also pointing out the signifi cant infl uence of genotype on these parameters.
The aim of this experiment was to test the eff ect of hydrogel application on the lettuce and onion seed germination in diff erent moisture conditions. Lettuce and onions were chosen as two model vegetables with quicker and slower germination.
MATERIAL AND METHODS
The experiment was carried out with lettuce (Lactuca sativa L.) and onion (Allium cepa L.) commercial seed lots, category "S" from SEMO Smržice, ltd. in a seed laboratory of the Faculty of Agrobiology, Food and Natural Resources, Prague. Two varieties of lettuce, Mars and Maršálus, and two varieties of onion, Všetana and Alice, were evaluated.
Seed lots were treated with hydrogel Agrisorb (potassium salt of crosslinked acrylamide/acrylic acid copolymer, Stocksorb®, Evonik Stockhausen Gmbh, Germany) in 3 doses: 1 g, 3 g and 5 g of Agrisorb per litre of water.
Hydrogel was applied using the following hydration method: seeds were mixed with hydrogel solutions for 15 minutes. Tap water without Agrisorb was used as wet control. A er treatment, the seeds were dried back on fi lter paper (24 hours, room temperature 22 °C) to stop water intake to the seeds.
For the evaluation of dried variants and nontreated control (dry), a standard germination test (ISTA rules) was used to obtain a germination percentage (four replications per 100 seed for each sample) on fi lter paper (crepe, 120 g.m −2 ) with 30 ml (standard) and 15 ml (dry variant) of tap water .
Seed germination was evaluated as physiological (in 24 hours intervals), and seeds with 3 mm long radical protrusions were scored as germinated to determine germination energy (PAZDERU, 2009) and MGT (mean germination time, NICHOLS and HEYDECKER, 1968) . Total germination was calculated as the sum of daily values.
Obtained results were statistically evaluated by the ANOVA method of analysis of variance. Arcsin √x/100 transformation was used to obtain normal distribution of germination data. Values in tables are shown a er back transformation. Diff erences between means were evaluated by Tukey's test in the SAS system (version 9.3) at a signifi cance level of P≤ 0.05.
RESULTS AND DISCUSSION
Agrisorb is recommended for the supply of large amounts of water to plants. This experimental hypothesis was verifi ed in the case of seeds.
The infl uence of Agrisorb on seed germination is evident from the results; this hypothesis was not confi rmed, and variants with low levels of water (15 ml in germination box) germinated more slowly (MGT parameter) than variants with higher levels (30 ml), though only slight diff erences in total germination were evident at the end of the test (Tab. I and Tab. II).
A comparison of treated variants of lettuce seed lots and dry control during germination (germination energy, GE) show a statistically signifi cant increase in germination on the fi rst day (columns GE1, both water levels), but a statistically signifi cant decrease on the second day (columns GE2, 15 ml). Negative infl uence of Agrisorb is related to its dose as well; higher doses slow lettuce seed germination (GE2, 30 ml, dose 5 g) signifi cantly, as similarly shown with GE2 (15 ml, doses 1, 3, 5 g). This slowdown is apparent with GE3 (both water levels) as well; however, total germination values among treated variants are not statistically signifi cant. A similar eff ect can be seen in onions (GE4, Tab. II), though diff erences are not signifi cant. For a more detailed view, see graphs 1-4 with germination curves for each variant.
There is a noticeable eff ect of cultivar and seed vigour on water stress sensitivity. For lettuce, water defi ciency negatively infl uenced the germination of the cultivar 'Mars' from day 1. However, this eff ect was not noted until day 3 of more vigorous cultivar 'Maršálus' germination (Tab. I). Onion cultivar 'Alice' was aff ected by water defi ciency from day 1 of germination, but the more vigorous cultivar 'Všetana' germinated similarly in water optimal conditions as well as in water defi cient conditions (Tab. II). The above mentioned results suggest that the cultivar (and its vigour) is an important factor aff ecting sensitivity (respectively adaptability) of seeds to the moisture defi cit. The importance of cultivars with regards to drought stress tolerance is mentioned by GHANE et al. (2012) at Guizota abyssinica Cass., or ENNAJEH et al. (2009) at Olea europaea L. These varieties, which are more tolerant to water defi ciency, have better potential for use in extensive vegetable production systems with limited irrigation.
As it is shown from the comparison between germination curves of stressed and non stressed variants, Agrisorb infl uences germination negatively. The emergence reduction of cabbage seed in substrate with a hydroabsorbent is mentioned by REIS and COELHO (2007) ; they also describe faster subsequent growth.
These results are more likely due to lower water potential of Agrisorb than to seed water potential a er imbibition period. Dry seeds have very low water potential in the fi rst phase of germination (−100 MPa, BEWLEY and BLACK, 1994) ; it is lower than that of Agrisorb, and surrounding water can get into the seed. When seed water potential is increased through imbibition, both water potentials are similar, and the fl ow of water into the seed is made increasingly diffi cult. As WACK and ULBRICHT (2009) determined, diff erent hydrogels can swell water binding with pressure between 0.2-4.23 MPa. This means that the application of hydrogel on seeds can decrease the speed of seed water uptake, which can result in slower germination.
Compared to dry control, Agrisorb application appears to slow the germination process, though hydrogel plays a positive role in water absorption from the seed surroundings during the fi rst phase of germination. Conversely, the water binding strength restricts availability of water, and seeds can germinate in water defi cient conditions. However, water binding is not totally absolute. The eff ect of hydrogel is lower with higher levels of water, because more free water for seed exists and due to this fact they can germinate similarly in comparison with non-treated lots (variant 30 ml; Tab. I). With lower water content in seed surroundings, the proportion of bounded water in hydrogel is higher, water availability for seeds is low, and the germination process is slower (variant 15 ml; Tab. I).
The eff ect of hydrogel is possible to detect only in fast germinating (lettuce) seeds, and in case only when we evaluated germination energy. Results of onions with slow germination rates are similar, but not so clearly marked (see GE4 and GE5, Tab. II). Higher doses of Agrisorb caused longer MGT of both crops as well.
CONCLUSIONS
• The hydrogel application infl uenced germination of lettuce and onion seeds.
• Treated lettuce seeds germinated faster than nontreated control in the beginning of germination process. This eff ect was not recorded in case of slowly germinated onion seed lots.
• Although infl uence of Agrisorb was positive in the beginning, higher doses of hydrogel reduced germination energy of treated seed lots (for example GE2, GE4) of both crops in comparison with non-treated control. • Higher doses of hydrogel caused longer MGT of lettuce and onion as well.
SUMMARY
Water defi cit is the most important abiotic factors limiting growth and productivity of plants. Hydrophilic polymers are recommended by many authors for replanting to decrease water stress. The use of hydrophilic matters could limit the negative impact of water defi cit in vegetable production; this is due to more negative water potential and the ability absorb a huge amount of water, which consequently reduces the impact of environmental stress on plant physiology. A similar eff ect in regulating water potential is used for pre-sowing hydration treatment (priming, osmoconditioning). The aim of this experiment was to test the eff ect of hydrogel application on the two cultivars (Mars and Maršálus) of lettuce (Lactuca sativa L.) and two cultivars (Alice and Všetana) of onion (Allium cepa L.) seed germination in diff erent moisture conditions. Lettuce and onions were chosen as two model vegetables with quicker and slower germination. Seed lots were treated with hydrogel Agrisorb (Evonik Stockhausen Gmbh, Germany) in 3 doses: 1 g, 3 g and 5 g of Agrisorb per litre of water. A er treatment, seed germination was evaluated as physiological (in 24 hours intervals), and seeds with 3 mm long radical protrusions were scored as germinated to determine germination energy and MGT (mean germination time). Total germination was calculated as the sum of daily values. The infl uence of Agrisorb on seed germination is evident from the results; and variants with low levels of water (15 ml in germination box) germinated more slowly (MGT parameter) than variants with higher levels (30 ml), though only slight diff erences in total germination were evident at the end of the test. A comparison of treated variants of lettuce seed lots and dry control during germination (germination energy, GE) show a statistically signifi cant increase in germination on the fi rst day (columns GE1, both water levels), but a statistically signifi cant decrease on the second day (columns GE2, 15 ml). Negative infl uence of Agrisorb is related to its dose as well; higher doses slow lettuce seed germination (GE2, 30 ml, dose 5 g) signifi cantly, as similarly shown with GE2 (15 ml, doses 1, 3, 5 g). This slowdown is apparent with GE3 (both water levels) as well; however, total germination values among treated variants are not statistically signifi cant. A similar eff ect can be seen in onions, though diff erences are not signifi cant.
There is a noticeable eff ect of cultivar and seed vigour on water stress sensitivity. For lettuce, water defi ciency negatively infl uenced the germination of the cultivar 'Mars' from day 1. This eff ect was not noted until day 3 of more vigorous cultivar 'Maršálus' germination. Onion cultivar 'Alice' was aff ected by water defi ciency from day 1 of germination, but the more vigorous cultivar 'Všetana' germinated similarly in water optimal conditions as well as in water defi cient conditions.
